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Section 1: About this Document

Section 1: About this Document

The Department of Defense (DoD) established the Advanced Distributed Learning
(ADL) Initiative in 1997 to develop a DoD-wide strategy for using learning and
information technologies to transform education and training and to promote cooperation
between government, academia and business to develop e-learning standardization. The
ADL Initiative has defined high-level requirements ("-ilities") for learning content, such
as content reusability, accessibility, durability and interoperability to leverage existing
practices, promote the use of technology-based |earning and provide a sound economic
basis for investment.

The ADL Initiativeis preparing for a world where communications networks and
personal delivery devices are pervasive and inexpensive, as well as transparent to the
usersin terms of ease of use, bandwidth and portability. ADL development envisions the
creation of learning “knowledge” libraries, or repositories where learning objects may be
accumulated and cataloged for broad distribution and use. These objects must be readily
accessible across the World Wide Web or whatever forms our global information
network takes in the future.

This report focuses on maor standards for networked repository architectures and other
important infrastructure technol ogies that may be useful for managing SCORM
conformant content. It does not provide an authoritative view, but rather focuses on those
elements most likely to be of interest in future devel opment of a SCORM Repository
Application Profile.
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Section 2: Introduction

Section 2;: Introduction

The advent of the Internet enabled communication, publishing and collaboration for
individuals and organizations over a worldwide computer network. Dueto limitsin
bandwidth, PC storage capacity and processor power, as well as the availability of tools
for content publishing, initial interactions over the Internet centered mainly on text-based
applications and technologies (e.g. HTML, Web Pages, News Groups, Internet Relay
Chat, etc.).

The potentia for media-rich interactive applications and content increased along with
computing power and network bandwidth. Important technical infrastructure and
standards have devel oped, such as the W3C Extensible Markup Language Standard
[XMLBO1] for document structure, W3C Simple Object Application Protocol
[SOMF02], [SOADO02] as a specification for computer communication, the Motion
Picture Experts Group (MPEG) standards for video compression and delivery, etc.

These devel oping technol ogies provided the underlying infrastructure necessary to
package, deliver and present learning content in new ways. In this environment, the
Office of the Secretary of Defense (OSD), along with the Office of Science and
Technology Policy (OSTP), launched the Advanced Distributed Learning (ADL)
Initiative. With the establishment of ADL and the subsequent release of the Sharable
Content Object Reference Model (SCORM ™), ADL liberated learning content objects
from local implementations and facilitated global accessibility.

The inclusion of a content packaging specification in the SCORM Version 1.2 led to an
increased focus on the devel opment of SCORM conformant content. Government
organizations are implementing strategies for developing SCORM conformant content.
Many now specify SCORM conformance as a requirement for new educational and
training content. The DoD is currently developing guidance that will address SCORM
conformance for new learning content as a matter of policy.

There has recently been much effort to devel op technol ogies that catalogue and facilitate
the location of text, images, video and audio. Current efforts in the development of
repository standards and software are broad and varied, with players coming from nearly
every mgjor sector. Thisdiversity of interest has resulted in an impressive number of
competing standards and supporting technologies.

Repository systems provide key infrastructure for the devel opment, storage, management,
discovery and delivery of all types of electronic content. SCORM content packaging,
with itsinclusion of mandatory self-descriptive meta-data, plays an important role
enabling advanced functionality for repository systems. As such, SCORM packaging
plays akey role in accomplishing ADL’s “-ilities” and in advancing the repository state-
of-the-art.
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Section 2: Introduction

This report provides descriptions of severa standards-based repository architectures and
technologies, gleaned from an in-depth review of existing documentation and
implementations. It does not evaluate the reviewed systems for fitness of any specific
purpose, but rather provides an informational starting point from which the ADL
Technical Team can begin assessing the development of arepository application profile
for SCORM content.
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Section 3: Major Organizations

Many organizations are seeking ways to facilitate the reuse of learning objects. The
following sections describe some of the major organizations and institutions working
with learning object repositories and registries. Vendors such as Sun Microsystems,
EMC Corporation and Artesia have devel oped hardware platform and software solutions
to support the storage and retrieval of digital assets. Several academic institutions have
developed and deployed distributed learning object repository networks (DLORN) using
peer-to-peer protocols. These include: the Technical University of British Columbia (the
POOL project [RICHO1L]), University of Calgary (CAREO system [CANCO02]),
University of North Carolina at Chapel Hill (iLumina project [MCARO1]) to name a
few..

While there are a number of organizations devel oping software for repository and registry
systems, the focus of this section is on organizations working on repository-rel ated
standards including work on authorization, object identification, learning object meta-
data (LOM) and messaging protocols. The work on theseinitiatives will be discussed
below.

3.1 E-learning Vendors and Academic Institutions

Table 1 shows the major e-learning vendors and academic institutions that are involved in
the development of repository and registry systems. The following sections describe the
major organizations that are involved in repository-related standards and technol ogies.

E-learning Vendors Institutions

Artesia Cornell University

IBM National Science Foundation

Sun Microsystems Old Dominion University

EMC Simon Frasier University

Learning Objects Network University of Alberta

Microsoft Corporation University of Calgary

Digital Concepts, Inc. University of Wisconsin

Table 1. Examples of vendors and academic institutions involved in digital asset and meta-data
repository efforts.
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Section 3: Major Organizations

3.2 IMS Global Learning Consortium, Inc.

The IMS Global Learning Consortium, Inc. came into existence as a project within the
National Learning Infrastructure Initiative of EDUCAUSE. IMS collaborates with a
number of organizations, including the Advanced Distance Learning Initiative (ADL), the
World-Wide Web Consortium (W3C), the Institute of Electrical and Electronic Engineers
(IEEE), the Aviation Industry Computer-Based Training (CBT) Committee (AICC) and
the National Institute of Standards and Technology (NIST). IMS defines and delivers
XML-based specifications for exchanging e-learning content and information about
learners. Specifications that have already been released include Content Packaging,
Question and Test Interoperability, Meta-Data and Learner Information Packaging.
Project Groups within IMS are in the process of developing specifications for
Competency, Accessibility, Learning Design, Digital Repositories and Simple
Sequencing.

3.3 World Wide Web Consortium (W3C)

The World Wide Web Consortium (W3C) isamajor forum for the devel opment of
specifications and the underlying technologies that are used on the Internet and the World
Wide Web. Started in 1994 at the Massachusetts Institute of Technology (MIT), the
consortium is hosted by the Laboratory for Computer Science at MIT, Institut National de
Recherche en Informatique et en Automatique INRIA and Kelo University. The
consortium also receives support from the Defense Advanced Projects Agency (DARPA)
and the European Commission. The W3C has released over forty specifications (called
“recommendations”), which include the Simple Object Access Protocol (SOAP), the
eXtensible Markup Language (XML) and eXtensible Stylesheet Language (XSL).

3.4 International Organization for Standardization /
International Electrotechnical Commission (ISO/IEC)

The International Organization for Standardization (ISO) was founded in 1947. 1SOisan
international network of standards organizations from 140 countries responsible for over
13,000 published international standards. The International Electrotechnical Commission
(I1EC) was founded in 1908 and provides standards for all electrotechnologies including

el ectronics, magnetics and el ectromagnetics, el ectroacoustics, multimedia and
telecommunications. JTC1 isaJoint Technical Committee of 1SO and IEC that develops
standards on Information Technology. ISO/IEC JTC1 SC32 WG2 isthe Metadata
Working Group of the Data Management and Interchange subcommittee (SC32). The
Working Group is supported by 17 member nations and develops international standards
that facilitate the specification and management of meta-data. These include the multi-
part standard on meta-data registries (ISO/IEC 11179). The parts of this standard provide
aframework and conceptual model for meta-data and meta-data registries including how
data should be defined and how it is entered into aregistry.
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Section 3: Major Organizations

3.5 Organization for the Advancement of Structured
Information Standards (OASIS)

OASIS, founded in 1993, was originally started by a consortium of vendors and users
devoted to developing guidelines for interoperability among products that support the
Standard Generalized Markup Language (SGML). It operates XML .org, a community
clearinghouse for XML application schemas, vocabularies and related documents.
OASIS produces standards for security, Web services, XML conformance, business
transactions and electronic publishing. In particular, the OASIS ebXML Registry
Technical Committee develops specifications to achieve interoperable registries and
repositories that cover the spectrum from general purpose document registriesto real-
time business-to-business registries.

3.6 International Digital Enterprise Alliance (IDEAlliance)

IDEAIlliance (International Digital Enterprise Alliance) is a not-for-profit membership
organization. Founded in 1966 as the Graphic Communications Association (GCA), its
mission is to advance user-driven, cross-industry solutions for all publishing and content-
related processes by devel oping standards and identifying best practices. IDEAIliance has
participated in the development and adoption of standards such as the Information
Content and Exchange (ICE) and the Publishing Requirements for Industry Standards
Metadata (PRISM).

3.7 The International DOI Foundation (IDF)

Founded in 1998, the main activity of the International DOI Foundation (IDF) isto
encourage the implementation and use of a standard digital identifier methodology for
intellectual property, the Digital Object Identifier (DOI). The foundation isfunded by a
variety of technology and publishing companies and manages the development of the
DOI system [PASKO0Z2]. In addition, the foundation is responsible for: licensing directory
managers, registration agencies and technology providers; setting system policy;
encouraging devel opment of enabling technol ogies necessary to build electronic
transaction systems for copyright and digital rights management (DRM).
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Section 4: Enabling Technologies

Repositories must provide a basic set of functionsin order to provide access to learning
objects and other assets in a secure environment. The following list of operations
presents a sampling of common core functionality gleaned from the different standards
outlined this section.

e search/find — the ability to locate an appropriate learning object. This can include
the ability to browse

e reguest — alearning object that has been located
e retrieve— receive an object that has been requested
e submit — provide an object to arepository for storage

e store- place a submitted object into a data store with a unigue, registered
identifier that allowsit to be located

e gather (push/pull) — obtain meta-data about objects in other repositories for
federated searches and information clearinghouse

e publish — provide meta-data to other repositories

In addition, arepository must handle a number of other issuesincluding DRM, obtaining
aglobally unique identifier for each learning object or other asset and providing
authentication for secure access to existing learning objects.

A number of technologies have been devel oped to enable repository systemsto provide
these and other functions. The initiatives that provide some of these enabling
technologies are discussed in the following sections.

4.1 ISO/IEC 11179, Information Technology — Metadata
Registries

The ISO/IEC 11179, Information Technology — Metadata Registries standard [ISOM02]
was written to address issues associated with sharing data between different
organizations. It was produced by the M etadata working group of Sub-Committee 32
(SC32/WG2) of the ISO JCT1and the IEC — ISO/IEC JCT1 SC32/WG2. ISO/IEC 11179
defines how data el ements can be described, identified and stored in sharable registries.
Data elements could be learning objects or media assets and the meta-data used to
describe them. Table 2 provides aquick “at a glance” summary for ISO/IEC 11179
including institutions involved, versions and supported functionality, and implemented
reference models.
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ISO/IEC 11179, Information Technology — Meta-data Registries at a Glance

[ nstitution

Version

Reference M oddls

http://www.iso.org

International Organization for
Standardization

Geneva, Switzerland

http://www.iec.ch

International Electrotechnical
Committee

Geneva, Switzerland

http://metadata-stds.org

ISO/IEC JCT1 SC32/WG2
Metadata Standards Working
Group

The six parts of the
version 1.0 draft
specification arein
various stages of
devel opment.

ISO/IEC 11179

supports:

=  Standardsfor data
element
representation

=  Unambiguous
descriptions of
data elements

= Globally unique
identifiersfor data
elements

U.S. Environment Protection
Agency (EPA) Environmental Data
Registry (http://www.epa.gov/edr)

U.S. Environment Protection
Agency (EPA) MetaPro Metadata
Registry Builder
(http://www.epa.gov/metapro/)

U.S. Federal Aviation
Administration (FAA) Data
Registry

(http://www1.faa.gov/ai o/ nfoM gmt
[projects.htm#FA Adatreg)

Australian Institute of Health and
Welfare Knowledgebase
(http://www.ai hw.gov.au/knowledg
ebase/index.html)

Table 2.

ISO/IEC 11179 at a glance

ISO/IEC 11179 provides important foundational meta-data registry work for other
standards. In particular it serves building block for OASIS registry work including
ebXML (described later in this section). Thisrelationshipisshownin Figure 1.

Figure 1.

'OASIS Registry

__ebXML Registry

Standards evolving from ISO/IEC 11179.
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ISO/IEC 11179 contains six parts that describe rules and guidelines for classifying and
describing data elements, data naming and identification principles and procedures for
storing data elements in a meta-data register (repository) for access in a standardized
manner. Each part assistsin adifferent aspect of data element formulation and should be
used in conjunction with the other parts.

Part 1 (ISO/IEC 11179-1, Framework) establishes the relationships among the parts and
gives guidance on their usage as awhole. It aso provides definitions of the basic
concepts associated with data elements. Data elementsin an ISO/IEC 11179 registry are
defined as having three components. an object class, properties and arepresentation.

e Anobject classisaset of ideas or things that can be identified with explicit
meaning and whose properties follow the same rules. They are things about
which data can be collected and stored. Object classes can be formed by
combining other object classes. Examples of object classes are cars, orders and
employees.

e Properties are characteristics common to the elementsin an object class and are
used to describe and differentiate between specific objects. Examples of
properties include color, age, size, price, etc.

e Therepresentation describes how the datais represented. It includes avalue
domain (the set of permissible/valid values), adatatype and, if necessary, a unit
of measure.

An object class and a property can be combined to form a data element concept that is
independent of any particular representation. For example, annua household incomeisa
data element concept, while a particular annual household income (e.g., $48,000) isa
data el ement.

Part 2 (ISO/IEC 11179-2, Classification for Data Elements) specifies a set of mandatory
meta-data items that shall be provided for each data element. In addition, alist of
potential additional items and the detailed characteristics of each basic attribute are
described. Part 2 also provides procedures and techniques for associating data element
concepts and data elements with classification schemes for object classes, properties and
representations. Thisis necessary to retrieve data element concepts and data elements
from aregistry.
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Section 4: Enabling Technologies

Part 3 (ISO/IEC 11179-3, Basic Attributes of Data Elements) specifies the basic attributes
of data elements. Distinctions are made between attributes that are:

e Mandatory — attributes that are required for a data element to be registered
e Conditional — attributes that are required under specified conditions
e Optional — attributes that are allowed but not required

Two of the mandatory attributes are described in extensive detail in parts 4 and 5,
respectively data element definitions and element names.

Part 4 (ISO/IEC 11179-4, Rules and Guidelines for the Formulation of Data Definitions)
provides a number of rules and guidelines that specify exactly how an unambiguous data
element definition should be formed. The ability to provide clear, well-formed
definitions of data elementsis essential for the exchange of information.

Part 5 (ISO/IEC 11179-5, Naming and Identification Principles for Data Elements)
provides guidance on the naming and identification of data elements. Names are
semantic, natural language labels that are given to data elements. One structured naming
scheme is based on the object class, property and representation of an individual data
element. Thistype of name can help a user intuitively locate adataelement in a
taxonomy, however, it does not dependably produce a unique identifier for the data
element. IOS/IEC 11179 does not specify the content or format of identifiers beyond
stating that identifiers must be unique within a Registration Authority (RA).

Part 6 (ISO/IEC 11179-6, Registration of Data Elements) provides instruction on how a
data element can be registered. It also describes the allocation of unique identifiers for
each data el ement and the maintenance of data elements that have aready been

registered. Data elements are registered by a submitting organization (which may be
separate from the organization that is responsible for the content of the data element) with
aRA. TheRA isan organization that has been authorized to register data el ements.
When a data e ement isregistered, aunique identifier is assigned by the RA. This
identifier is determined by the combination of the identifier for the RA, the unique
identifier assigned to a data element within the RA, and the version of the data element.

Government Reference Implementations of ISO/IEC 11179

Several organizations have used ISO/IEC 11179 asthe basis for data or meta-data
registry/repository systems. Some of these have produced reference implementations of
the standard such as the MetaPro M etadata Registry Builder [EPAMO02] and
Environmental Data Registry [EPAEO2] produced by the Environmental Protection
Agency (EPA) and the Australian Institute of Health and Welfare’s Knowledgebase
[AIHWO02]. Other agencies, including the Federal Aviation Administration (FAA)
[FAADOQ2] and the U.S. Bureau of the Census [GILL99], are using the Data Standards
from ISO/IEC 11179, Part 1 asthe model for representing data in systems they are
developing.
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Section 4: Enabling Technologies

Work is also being done to incorporate ISO/IEC 11179 into other standards. The
National Committee on Information Technology Standards Technica Committee L8,
Data Representation (NCITS L8) establishes standards for specifying and standardizing
data. The focus of the committee’s work is on establishing ways to describe data to
enable intelligent computer processing. Meta-data issues addressed by the committee
include naming, identification, definitions, classification and registration. NCITS L8 is
concerned with the development of proposed standards (notably 1SO/IEC 11179) that
will facilitate the standardized naming, definition and description of data elements

[NCIT98].
4.2 IMS Digital Repository Interoperability

The IMS Global Learning Consortium is a specification authoring organization with
headquarters in Burlington, Massachusetts. The IMS Digital Repository Interoperability
(IMS DRI) model is the product of the IMS Digital Repository Working Group. The godl
of the IMS DRI isto provide repository technology to support the “presentation,
configuration and delivery of learning objects.” The IMS DRI Version 1.0 Public Draft
Specification [IMSG02] was approved in August of 2002. The specification is comprised
of three documents, the IMS Digital Repositories Interoperability Information Model
which defines the information model, describes the core functions, IMS Digital
Repositories Interoperability Best Practice and Implementation Guide and the IMS
Digital Repositories Interoperability XML Binding. Table 3 providesaquick “at a
glance” summary for the IMS DRI effort.

Technologies for the Design of Learning Object Repositories 4-5
021751

Copyright © 2002 Advanced Distributed Learning.
All Rights Reserved.



Section 4: Enabling Technologies

IMS Digital Repository Interoperability at a Glance

I nstitution Version Reference Models
http://www.imsglobal | Version 1.0 (Public Draft Learning Objects
.org Specification — 8/9/2002) Network

IMS Global IMS DRI supports:

Learning e User searches performed

Consortium directly, through a “gateway”

Burlington, MA or through a harvest

intermediary (aggregator).

e The storage and retrieval of
IMS-compliant Content
Packages.

e  XQuery/SOAP-based and
Z39.50-based
implementations.

e The storage of assets and the
associated meta-datain
separate repositories.

Table 3. IMS Digital Repository Interoperability at a glance.

The IMSDigital Repositories Interoperability - Core Functions Information Model
[IMSGO2] defines the information model, describes the core functions (described bel ow)
and provides eight use cases. These use cases describe scenarios including:

an individual submitting a course to arepository
an individual modifying a course in arepository
an individual searching a repository, then requesting a discovered resource

an individual searching multiple repositories, then requesting a discovered
resource

a software agent searching a repository, then requesting a discovered resource

an aggregator repository gathering meta-data from multiple repositories and
populating its own repository

an individual being alerted when a specified meta-data change occursin asingle
repository

an individual being alerted when a specified meta-data change occurs in multiple
repositories
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The IMSDigital Repositories Interoperability - Core Functions Best Practices [IMBPO2]
document describes technology recommendations for implementing the core functions
using technologies such as XML Query Language (XQuery), Simple Object Access
Protocol (SOAP), or ANSI/NISO Z739.50 (239.50) information retrieval protocol®. It also
provides example recommendations for several topics including: requesting and
retrieving IMS Content Packages using Z39.50 and XQuery, storing IMS Content
Packages and performing cross-domain searches using IMS meta-data (i.e. meta-data
defined by the IM S Learning Resource Specification).

The IMSDigital Repositories Interoperability - Core Functions XML Binding [IMXB02]
document describes the use of SOAP as the underlying messaging service for the core
functions and provides scenarios illustrating the XML bindings for:

e searching learning object repositories using the XQuery protocol over XML
meta-data, adhering to the IMS Meta-Data Schemawith IMS Content Packaging
asthe format for Submit/Store.

e searching General Repositories of resources not purposed specifically for
learning. This search assumes the use of Z39.50 protocol for searching, with no
provision for Submit/Store.

e Performing a Cross-Domain Search that assumes simple keyword searching using
the Boolean operators AND, OR, and ANDNOT over aflattened schemaof IMS
meta-data elements.

The recommendation does not specify how arepository functions internally, but defines
how arepository exposes itself to the outside world.

The IMS DRI isincluded in this review because the specification outlines functions that
are generic to any repository implementation such as authentication, authorization,
enrollment, location and retrieval, intellectual property rights (IPR) management, user
preferences and profiling, transactions and search as shown in Figure 2. The IMS DRI
model provides recommendations for the interoperability of aset of “core” repository
functions.

! SOAP and X Query are discussed in sections 4.1 and 4.2, respectively. ANSI/NISO Z39.50 isthe
American National Standard Information Retrieval Application Service Definition and Protocol for Open
Systems I nterconnection. Z39.50-1988 or version 1 is an American National Standards Institute (ANSI)
standard, 239.50-1992 or version 2 is a National Information Standards Organization (NI1SO) revision of
the original ANSI standard. [MOENOQ2]
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These core functions include:
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Figure 2. IMS Digital Repository Interoperability functional architecture. Reproduced from IMS Global
Learning Consortium, 2002.
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The DRI specification takes into account the needs of existing digital repositories
including different content formats, technologies and practices. It isintended for both
systems utilizing established interoperability technologies such as Z239.50 and
repositories than can use the XQuery and SOAP recommendations provided in the
specification. These recommendations describe a collection of resources for exposing
meta-data to allow usersto search, gather, store and deliver assets. An IMS DRI
repository may contain actual assets or meta-data describing the assets. An asset and its
meta-data do not need to reside in the same repository.

Overview of IMS DRI Functions

The Sear ch function defines the searching of meta-data for assets “exposed” by
repositories. A repository can be searched directly or using an intermediate search
engine. XQuery, discussed in section 4.2, is used when searching meta-datain the IMS
XML format, while Z39.50 is used for searching library information. Cross-domain
gueries search repositories containing different types of meta-data. One possible method
for implementing cross-domain searches would rely on an intermediary that would
translate a query, based on a subset of the XQuery grammar, into the appropriate syntax
for one or more target repositories. Repositories from non-1IM S domains could provide
additional search attributes (Dublin Core or IMS) to facilitate searching from IM S-based
learning environments.

The Gat her function allows the aggregation of meta-data from repositories for use in
subsequent searches. The Gat her function may actively request meta-data from a
repository (“pull™) or it can subscribe to a service that notifies the Gat her component
when meta-data in the repository has been added, deleted or changed (“push”).

The Open Archive Initiative (OAI) described below provides a model for “pull”
gathering. In this model, a Gather Engine periodically searches a set of target
repositories and retrieves meta-data based on arange of dates. Using date as the primary
criterion for retrieva is effective in harvesting all the meta-data that has been added or
modified. However, it requires that a new element be defined in the IMS Meta-data
Specification to provide the date information that allows the Gather Engine to determine
which meta-data to harvest. Another option for Pull Gather isto periodically harvest all
the meta-data from all the target repositories. While this approach is very inefficient
(records are repeatedly pulled over the network), it assures avery high level of
completeness.

Push Gather relies on repositories notifying specific aggregators each time meta-datais
added or updated. The notice could be a message indicating that the meta-data had
changed or it could be the actual meta-data record. An adapter that is external to the
repository could aso provide this functionality. The adapter could forward the meta-data
to the aggregators as content is added to the repository. It could also handle any required
message trandl ations between the repository and the network.
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Submi t / St or e refersto the way an object is moved to arepository and made
accessible. Subm t places an object into arepository. St or e alowsarepository to
store the object so that it may be retrieved later. Existing repository systems may al ready
have a submission mechanism such as File Transfer Protocol (FTP) in place. For newer
repositories the Submi t function could be performed using SOAP messages with
attachments, where the attachments are IMS compliant Content Packages. For
repositories that deal specifically with learning objects, the DRI refersto the IMS Content
Packaging Specification. This specification defines a compressed file package that
contains learning object(s), meta-data and a manifest listing the contents in the package.

The Request/ Del i ver functions allow a system user to request |earning objects or
other resources located with the Sear ch function. The Sear ch function returns
repository object identifiers as alist of locations or as a method, such asa DOI, that
resolves to one or more locations. The location returned by Sear ch resolvesto a URL
that can then be used to Request the object. The protocol usedtodel i ver a
requested learning object depends on the object type. For example, online materials and
streaming mediawould be delivered using HT TP, while documents and executable files
would be delivered using FTP.

The Al ert / Expose functions provide a method for notifying interested parties of any
changes made to content stored in arepository or repository system. They are not
considered in Phase 1 of the DRI specification. It isenvisioned that the Al er t function
could be provided using a mechanism such as SMTP (Simple Mail Transfer Protocol) e-
malil.

Learning Objects Network — IMS DRI Reference Implementation

The Learning Objects Network (LON) has devel oped a reference implementation of the
IMS DRI core functions. The LON proof-of-concept implementation was eva uated as
part of the ARTI in the summer of 2002. Figure 3 illustrates the proposed architecture
that was devel oped in Python and Java and uses a Native XML database to store SCORM
Meta-data.
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Registry Repositories Command XML Search
Line Interface (XYZFind)

Compatibility Layer
LON Messaging —Java/XNML

SOAP Messaging —Java/Apache SOAP

Figure 3. Learning Objects Network (LON) architecture.

The architecture was designed for the following components:
e alearning object registry
e alearning object repository
e an XML meta-data search engine
e aClient message broker

All the components interact with other components using a set of SOAP web services.
The learning objects in the repository are identified using a unique identifier implemented
using the IDF’s Digital Object Identifier (DOI). The LON Message Manifest
Specification [LONMO2] describes amessaging API that supports the basic functions for
aLON repository. The Message Manifest describes the structure and format of the
messages exchanged by services within the repository and registry. Messages are defined
for al the functions provided by the client and server components of the system. The
following functions were demonstrated during the evaluation:

e RgRegi st er —makean entry in aregistry

e RgResol ve —resolve aregistry entry to a unique repository 1D
e RgUpdat e — update aregistry entry

e RpPut — put an object in arepository

e RpGet — get an object from arepository

e RpUpdat e — update an object in arepository

e RpDel et e — remove an object from arepository
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Figure 4 shows the flow of arepository Put message (RpPut ). Thismodelsthe
following simple transaction. In step one, an Authoring System contacts a Registry with
arequest to Register anew object. The Registry replies with a Unique Object Identifier
(UQI) , in step two. In step three, the Authoring System puts the object into the
Repository viathe RpPut call. In response to the RpPut call the Repository returns a
Unique Internal Identifier (Ull) that the repository uses to identify the new object within
that specific Repository, step four. In step five, the Authoring System combines the
Repository Ull with the Registry UOI and makes one final call to the Registry to store the
two associated identifiers.

Authoring o _
S'-j,-gr_:_tem R"'q Istry RQF"OS”OI’&"

1. Register Object

-
2. Ud
~i
3. PUT Object
-
4. Ul

-}

5. Update UDI with Ul

and repository info

Figure 4. Flow for a RpPut repository message. Reproduced from Learning Object Networks, 2002.

The results from the eval uation showed the core functions defined in the IMS Digital
Repository Interoperability Information Model were successfully implemented and that
the system could be used as the basis for an API to support the storage and retrieval of
SCORM Version 1.2 conformant meta-data packages.
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4.3 Open Archive Initiative

The ability to harvest and search repositoriesis an important requirement to provide
delivery of content from distributed repositories. The Open Archive Initiative (OAI)
[LAGOQ2] isatechnical and organizational meta-data harvesting framework that is
designed to facilitate the discovery of content stored in distributed archives. The Digital
Library Federation, the Coalition for Networked Information (CNI), the National Science
Foundation (NSF) and DARPA are the sponsors for the OAI. The OAI is designed for
large collections of peer-reviewed information (e.g. scientific papers). The OAl is
included in this review because the architecture includes many elements that can be
applied to communication with arepository of SCORM content, and in the design and
implementation of a clearinghouse portal through which a user or system may search
repositories and meta-data to discover specific learning content. Table 4 provides a quick

reference for the OAI effort.

OAI at a Glance

Technical Committee

— NASA Langley Research
Center

— Cornél University (CS)

e Uniqueidentification
of itemsina
repository.

e Selective harvesting
of meta-datain
multiple formats.

e HTTPGET or POST
requests.

e Error and exception
handling.

Institution Version Reference Models
http://www.orpenarchives.org | Version 1.1 List of OAI
, (released 7/2001) repositories (118
OAI Executive _ sites)
— Cornell University (CS) Version 2.0beta (rel eased http://www.openarchi
, 5/2002) .

— Los Alamos National ves.o_rg/Regl ster/Bro

Library OAI-PMH supports: wsesites.pl

OAI Related Utilities

http://www.openarchi
ves.org/tools/

tools.html

MetaArchive.org
http://www.metaarchi

ve.org/

OAlster

http://oaister.umdl.u
mich.edu/index.html

Table 4. OAl at a glance.
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The OAI-PMH Protocol

The Open Archives Meta-data Harvesting Protocol (OAI-PMH) is described in this
section. OAI-PMH defines a mechanism to enable harvesting of meta-data from
distributed repositories. OAI-PMH consists of two parts: the definition of a set of simple
meta-data elements and a common protocol to enable extraction of document meta-data
and archive-specific meta-data from participating repositories. Meta-data can be
harvested from aggregated collections (meta-data from all source repositories) or from
specific repositories. The protocol mandates that the core meta-data set is Dublin Core
[DUBL02] however OAI supports “parallel” meta-data sets to allow repositories to
expose meta-data in formats that are specific to their applications.

Two examples are theiLuminadigital library project [MCARO1, MCLEQZ2], which uses
IMS meta-data to provide standardized description of the learning objects it manages and
the Learning Object Virtual Exchange (LOVE) [CHENO2]. Several repositories harvest
meta-data such as the Machine Readable Cataloging (MARC) commonly used by the
library systems and the format for Bibliographic Records described in the Internet
Engineering Task Force (IETF) RFC1807 [REC1807]. Meta-data can be exchanged in
any format aslong asit is based on XML. The OAI-PMH does require that you expose
meta-data as unqualified Dublin Core. For example, arepository interface might allow
usersto harvest “IMS or SCORM meta-data” from your repository, however to be OAI-
PMH compliant, you must also provide an unqualified Dublin Core view of the meta-data
aswell. Thereason that Dublin Core was chosen is to provide base level interoperability
between services. However, adhering to compliancy is left up to the implementer.
Figure 5 shows the LOVE architecture for harvesting meta-data from various sources.

Harvest API

Harvesting
Data Mining OAI_XXX
Service Data
Provider Provider
Service
Provider

Federated OAl_DC

Search Search
Retrieval

Search harvested matadata

Data
Provider

Figure 5. LOVE architecture to support OAl searching and harvesting. Reproduced from Chen and Choo. University
of Florida, 2002.
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The OAI-PMH protocol isvery simple and allows regular gathering of meta-data, and is
based on Web standards such asHTTP, XML and XML Schema Definition (XSD).
Implementations have been developed in Perl, VB, C, C++ and Java (see Table 4). The
largest OAI compliant repository islocated at Los Alamos (physics archives — arXiv.org).
The following concepts are important to understanding the flow of information between
OAI-PMH systems. Figure 1 provides avisual representation:

A repository is anetwork accessible server that can process the six OAI requests
(described later in this section) and is managed by a data provider.

A data provider maintains one or more repositories (servers) and makes meta-
data about its content available to aservice provider. OAIl maintainsalist of
registered data providers [OAIRO2].

A service provider gathers meta-data and makes it available for searching.

An OAI aggregator is both a service provider and data provider. An aggregator
gathers meta-data records from data providers and then makes them available for
gathering by other services.

Anitemisacontainer that stores (or dynamically generates) meta-data about a
resource in multiple formats (e.g., IMS, MARC) and has a unique identifier
within the scope of the repository in which it resides.

A record is meta-data expressed in asingle format. It isreturned in response to
an OAI-PMH request for meta-data for an item.

A unigue identifier isintended to provide persistent resource identifiers for items
in repositories that implement OAI-PMH and isimplemented as a Uniform
Resource Identifier (URI) [BERN98].
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Opcit as service
provider and

QA data provider Citation database data provider

1 Ref.
QA linked
metadata Cross-
—— Publication User open
records service| archive
L portal
2 Citation
ranked
search
engine

Archive
of target
papers
to be ’
linked OAI
reference References 1 Linked

Reference metadata recorcs paper
= list —— + citations E)(DOTT 2 Citation
+ (IDAURL) data data

links =304
records
metadata

-,
A~ B C D

Figure 6.  The OAIl Open Citation (OpCit) application displaying data inputs and outputs. Reproduced from Brody,
Jiao, Hitchcock, Carr, and Harnad, University of Southampton, 2001.

Harvesting Meta-data

The protocol supports six OAI requests that are used to harvest and request meta-data,
validate and perform error processing. A detailed description of each command (know as
verbs) can be found in [LAGOQ02]. The commands are implemented as keyword
arguments. For example, the Get Recor d request to arepository is used to retrieve an
individual meta-datarecord. Using abase URL of htt p:// a. oa. org/ Al - scri pt

foraHTTP GET request would be coded as:

http://arxiv.org/oai 2?ver b=CGet Recor d& denti fi er =oai ¥8Aar Xi v
. or g¥8Ahep-t h%2F9901001&net adat aPr ef i x=0ai _dc

Y ou can try this command in the address field of a Web browser and the following
information will bereturned. Thedc: i dentifi er field
http://arXiv.org/ abs/ hep-th/ 9901001 would link auser to the actua
abstract and paper for this meta-data record.
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<?xm version="1.0" encodi ng="UTF-8" ?>
- <QAl - PMH xml ns="htt p://ww. openar chi ves. org/ OAl / 2. 0/ "
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"
xsi : schemaLocati on="htt p: //wwmv. openar chi ves. org/ QAl / 2. 0/
http://ww. openar chi ves. org/ QAl / 2. 0/ QAl - PMH. xsd" >
<r esponseDat e>2002- 10- 28T22: 09: 17Z</ r esponseDat e>
<request verb="Cet Record" netadataPrefix="oai _dc"
identifier="oai:arXv.org: hep-th/9901001">htt p://ar Xi v. or g/ oai 2</ r equest >
<Cet Recor d>
<record>
<header >
<identifier>oai:arXv.org: hep-th/9901001</identifier>
<dat est anp>2002- 06- 24</ dat est anp>
<set Spec>physi cs: hep-t h</ set Spec>
</ header >
<net adat a>
<oai _dc: dc
xm ns: oai _dc="http://ww. openar chi ves. org/ OAl / 2. 0/ oai _dc/"
xm ns:dc="http://purl.org/dc/el ements/1.1/"
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"
xsi :schemaLocati on="http://wwmv openar chi ves. org/ QAl / 2. 0/ oa
i_dc/ http://wwm. openarchi ves. org/ QAl /2. 0/ oai _dc. xsd" >
<dc:title>String Junctions and Their Duals in Heterotic
String Theory</dc:title>
<dc: creator>l manura, Yosuke</dc: creator>
<dc: description>W explicitly give the correspondence
bet ween spectra of heterotic string theory
conpactified on $T"2$ and string junctions in type
11 B theory conpactified on $5"2$. </ dc: descri ption>
<dc: description>Conment: 13 pages + 4 eps figures
PTPTeX, typographical errors
corrected</dc: description>
<dc: dat €>1998- 12- 31</ dc: dat e>
<dc: dat €>1999- 05- 10</ dc: dat e>
<dc:type>text</dc:type>
<dc:identifier>http://arXiv.org/abs/hep-

t h/ 9901001</dc:identifier>
<dc:identifier>Prog. Theor.Phys. 101 (1999) 1155-
1164</dc:identifier>
</ oai _dc: dc>
</ met adat a>
</record>
</ Get Recor d>
</ QAl - PMH>

Figure 7. An example of an OAI meta-data record returned using the Dublin Core meta-data format.

Thel dent i f y command is used to retrieve information about arepository (e.g.,
repository name, base URL). TheLi st Recor ds command is used to harvest records
from arepository. Selective harvesting allows record selection based on when they are
created, deleted, or modified. Meta-data records can aso be grouped into sets for
selective harvesting. The Li st Set s function retrieves the structure or hierarchy of a
set. ThelLi stldentifi ers function retrieves record headers instead of afull record.
A server can then issue requests based on whether arecord is present or has been deleted.
As described above, OAI-PMH supports “paralel” meta-data sets. The

Li st Met adat aFor nat s command is used to return the available meta-data formats
from arepository.

Technologies for the Design of Learning Object Repositories 4-17
021751

Copyright © 2002 Advanced Distributed Learning.
All Rights Reserved.



http://arxiv.org/

Section 4: Enabling Technologies

4.4 Information and Content Exchange (ICE)

Information and Content Exchange (ICE) is an application of the eXtensible Markup
Language (XML). Itisaprotocol for content syndication and subscription and was
submitted to the W3C asaNOTE in 1998 [WEBB98]. Version 1.0 of the ICE
specification was released in 1998. This section describes the protocol and
implementation for ICE Versionl.1. The ICE Working Group is currently working on
v1.2 of the specification that will use Web Services. Table5 “ICE at a Glance”
summarizes ongoing efforts.

The ICE protocol includes functionality that could be applied to the implementation of a
repository where content and meta-data is requested “manually or automatically and
scheduled.” The ICE specification also includes a set of Use Cases (ICE Implementation
Cookbook [SOUZ00]) that outline syndication and subscription guidelines.

|CE at a Glance

I nstitution Version Reference Models
IDEAIlliance ICE v1.1 (released 1998) Open source, Java-based
Alexandria, VA ICE v1.1 (released 2000) implementation:
|CE v1.2 (started 3/2002) TwICE
ICE supports: http://twice.sour ceforge.net
= HTTPPOST Industry Implementations:
‘request/response’

— Kinecta Corporation

transport model.
P — National Semiconductor

= “Push” or “pull” of

content aswell asdelivery =~ Oracledi
times and frequency. — Vignette Syndication
= Incremental or full content | SCrVer
updates. — Reuters
= Datamanagement (error |~ |nterWoven
logging, delivery
notification).
Table 5. Information and Content Exchange (ICE) at a glance.
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Similar to the data providers and service providers used by the OAl model described in
the previous section, ICE uses the terms syndicator and subscriber to describe the
relationship between a content provider that distributes large volumes of content to
consumers. The following concepts are basic to understanding the |CE mode!:

e Syndicator: acontent aggregator and content distributor.
e Subscriber: a content consumer.
e |CE package: a content payload that is independent of the protocol.

e |CE payload: an XML document used to carry protocol information.

ICE DTD and Protocol

The basic concepts in the ICE model are represented using the element/attri bute markup
model of XML. However, ICE isarequest/reply protocol, not just aDTD, with asingle

i ce- payl oad root element and a structured hierarchy of tags that describe operations
and data as shown in Figure 8. ICE uses the payload as its fundamental protocol model,
where a payload is defined as a single instance of an XML document formatted according
to the ICE protocol definition [BRODO0Z]. ICE operates within existing network
infrastructures and transmits payloads using the HT TP POST/Response mechanism.
ICE/HTTP does not define any new HTTP headers or modify the HTTP protocol. An

i ce-request andi ce-response occursentirely withinasingleHTTP
POST/Response transport level transaction.

| |®iceversiong | @ payload-id * timestamp g
| !siring | shring string

. e 5

B 1 & A
5 e reques.tm

= —
| * ice-payload g b = -
. | /ol * ce-response o

—Tx ice ermuted-rmw,:
% [ kE-Llﬁﬂi[itEd-req.IEsta
+ - ke—uﬁﬂﬁcited—respmmem

Figure 8. Excerpt from the ICE DTD.
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The protocol allows for fully symmetric implementations, where both the syndicator and
subscriber can initiate requests. It also supports a “minimal subscriber” implementation
(i.e., only the subscriber can initiate requests). Subscriber and syndicator can also agree
on adelivery schedule and methods. ICE also defines a mechanism by which event logs
can be automatically exchanged between parties to diagnose problems. |CE requires that
both parties use a globally unique identifier. The identifier must conform to the
Universal Unique Identifier (UUID) using a 32 hexadecimal digit format.

Delivery of Content

A package is the atomic unit of information distribution in ICE and is defined separately
from the protocol. ICE defines a sequenced package model that allows syndicators to
support both “incremental” and “full update” models. ICE defines operations for content
delivery in either push or pull mode. In push mode ICE payloads containing packages
are delivered whenever there is new content, while in pull mode a subscriber initiates
content delivery (polls for updates). Content can beinline or delivered by reference
(ice-itemref). Severa other features are provided for content delivery including
the ability to specify:

e Thelength of timethat content will be available (i ce- access-w ndow)
e Basic authentication (i ce- access-control)
e Confirmed delivery processing (using theconf i r mat i on attribute)

e Ddiveryrules(i ce-delivery-rule,ice-delivery-policy)

<?xm version="1.0" ?>

<! DOCTYPE i ce- package SYSTEM
"http://ww.icestandard. org/dtds/ICE1_1.dtd">

<i ce- package >

<ice-itemref

url ="http://ww. bradsgadget s. conf news/t echti ps/ <t odaysdat e>/ news. ht m "
itemid="BGL" >

<i ce-access >

<i ce-access-w ndow starttinme="2000-07-21T08: 00: 00"

st opti ne="2001- 08- 01T0O0: 00: 00" />

</ice-access >

</ice-itemref >

</i ce- package >

Figure 9. Example of specifying content availability in ICE. Reproduced from Souzis, Popkin, Khoury
and Hunt, IDEAlliance, 2002.
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4.5 OASIS ebXML

OASIS ebXML (electronic business XML ; hereafter ebXML) is a collection of standards,
or standard consisting of multiple interoperating pieces, developed by the OASIS global
consortium in conjunction with the United Nations Centre for Trade Facilitation and
Electronic Business (UN/CEFACT) for automating business processes and interactions
electronically using XML. OASIS ebXML currently consists of seven specifications:
Technical Architecture Specification [EBTAO1], Business Process Specification Schema
[EBBPO1], Requirements Specification [EBRQO1], Registry Information Model
[EBRMO1], Registry Services Specification [EBRS01], Message Service Specification
[EBM S02], and Collaboration-Protocol Profile and Agreement Specification [EBCP02].
For an in-depth history, see the ebXML Technology Report on the OASIS Cover Pages
[CPEBO2]. Table 6 provides aquick executive overview of this standards effort
including current versions of the each specification.

"The goal isto provide an XML-based open technical framework to enable XML to be
utilized in a consistent and uniform manner for the exchange of electronic business data
in application to application, application to human, and human to application
environments--thus creating a single global el ectronic market." [EBRQO1]

Other ebXML goalsinclude:
= Ensuring compliance with W3C XML technical specifications.

= Enabling interoperability between ebXML compliant trading partner applications.

» Providing interoperable and efficient transition paths to ebXML from EDI and
XML business standards.
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OASISebXML at a Glance

Institution Version Reference Models
OASIS Specifications Open Source
http://www.oasis- _ _ Implementations:
open.org Registry Information Model .

(RIM) v2.1 (June 2002) Egtp.//ebxml rr.sourceforge.
UN/CEFACT -

http://www.unece.org/ce
fact/

Technical Committees

e Collaboration
Protocol Profile
and Agreement
(CPPA)

e Implementation,

Registry Services (RS)
Specification v2.1 (June 2002)

M essage Service Specification
v2.0 rev C (February 2002)

Collaboration-Protocol Profile
and Agreement Specification
v2.0 (September 2002)

Technical Architecture
Specification v1.04 (February

Registry Information
Model

http://www.ebxml soft.com/
sol utions/ebxml sol .html

List of implementations:

http://www.ebxml.org/impl

ementati onsg/index.htm

Interoperability, 2001)
and
Conformance | Requirements Specification v
, 1.06 (May 2001
e Messaging (May )
Services Business Process Specification
. Schemav1.01 (May 2001)
e Registry
Table 6. OASIS ebXML at a glance

The OASIS ebXML system and standards are the most extensive of those reviewed.
ebXML seeksto provide rules and functionality for enabling the automation of most types of
business transactions. As aresult, the scope of the ebXML standards is much broader and
functions at a higher level of abstraction than those directed at one specific problem. The
following concepts are key to understanding ebXML :

e Registry: Central server that stores the following information available in XML
format: Business Process and Information Meta Models, Core Library,
Collaboration Protocol Profiles, and Business Library. Organizations use the
information stored in the registry to identify potential partners and learn how to

interact with them.

e Business Processes. Activities an organization participatesin, for which it may
want partners. These are modeled in XML or UML using the Business Process
Specification Schema (aW3C XML Schemaor DTD; see Table 7).
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Collaboration Protocol Profile (CPP): registry stored profile that contains
descriptions of Business Processes and Business Service Interfaces for a
company seeking to engage in ebXML transactions.

Business Service Interface: describes the way an organization interacts with
partners, including the types of Business Messages and protocols used.

Business Messages. information communicated as part of a business transaction.

CoreLibrary: standard functional pieces provided by ebXML that may be
incorporated as part of larger ebXML elements.

Collaboration Protocol Agreement (CPA): a contract between two or more
organizations that can be automatically derived and acted upon from information
provided in a CPP.

SOAP: used by ebXML as a messaging framework (see section 4.1)

Business Process

The ebXML Business Process paradigm addresses the method by which a company finds
another trading partner and commences business in an automated fashion. Specifically
the Business Process outlines the method by which companies can create and list a CPP
in aregistry; search other published organizations’ profilesto find potential trade
partners; and obtain all of the information necessary to start transacting business with a
listed organization viaa CPP and CPA.

<! ELEMENT ProcessSpecification

(Docunent ati on*,

(I ncl ude* | Docunent Speci fication* |
ProcessSpeci fication* | Package |
Bi naryCol | aborati on | Busi nessTransaction |
Mul ti PartyCol | aboration)*)>

<I ATTLI ST ProcessSpecification

name I D #REQUI RED
ver si on CDATA #REQUI RED
uui d CDATA #REQUI RED >

Table 7 DTD declaration for ebXML Business Process Specification document
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Figure 10. ebXML Business Process. Reproduced from OASIS ebXML Technical Architecture 2001

ebXML Business Process displayed in Figure 10 outlines six steps through which two
companies develop a business relationship.

1. Company A searches a Registry for business opportunities and business profiles.

2. Company A identifies Company B as a potential partner and implements a
system for interaction based on the information retrieved.

3. Company A liststheir own profilein the registry.

4. Company B retrieves company A’s newly registered profile.

5. Based on the information contained in their respective profiles, Companies A and
B arrange to do business. Assuming that the CPA provided by Company A
conforms to requirements listed in Company B’s CPP this may be conducted
automatically.

6. Business commences.
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Messaging

The ebXML Messaging Service specification is an open, non-proprietary standard
designed to enable the secure, reliable exchange of any type of businessinformation
regardless of encoding [FERRO1]. It isdesigned to be asimple, scalable solution for
enabling the transfer of XML encoded content of any type (e.g. XML, EDI transactions,
binary data) over avariety of communication protocols.

The ebXML Message Service follows several important design objectives:

1. ebXML Message Service Specification incorporates existing standards wher ever
possible. Though initially developed separately from the W3C SOAP messaging
effort, ebXML Messaging Service later incorporated SOAP as a core part of the
specification. The current specification defines alayered set of extensions on top
of SOAP 1.1 and SOAP with Attachments. These extensions address areas such as
security and reliability not directly addressed in the SOAP specifications (see
Section 4.1).

2. ebXML Message Service utilizes a message structure and protocol that is
independent of the underlying transport. Having the message structure separate
from the underlying transport protocol allows for use of ebXML messagesin a
wider variety of circumstances. Specifically, ebXML messages can be sent over
any protocol capable of handling MIME data (e.g. SMTP, FTP, HTTP, €tc.).

3. ebXML Message Service is payload neutral. One of the major differences between
the ebXML and SOAP messaging liesin the ebXML messaging service’s ability to
transmit content of any type. Thisincludes everything from XML structured
textual data, to binary data. In an ebXML message the MIME packaging scheme
separates the header information from the message content as shown in Figure 11.
This separation allows the message headers and body to be processed separately.
Header information may contain instructions to be used in routing and in route
message processing without requiring the entire message to be readable (for more
on this, see “SOAP Message Path” under Section 4.1). In addition, allowing
the transmission of any type of datain the message body not only accommodates
abroader set of messages, but also facilitates improved security through the
transmission of encrypted data.
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Figure 11. ebXML Message Framework. Reproduced from Ferris, 2001

4. ebXML Messaging Service provides for reliable messaging. Since ebXML
messaging may be used for transactional exchanges, it must allow for faultsin the
system (e.g., network, software, etc.). The messaging service accomplishes
reliability through asimple set of rules. In an ebXML message exchange, only
one copy of the message will be delivered to the receiver; the receiver will notify
the sender once the message has been successfully received; if no
acknowledgement is received, the messaging service will retry until it receives an
acknowledgement or notify the sending application as shown in Figure 12.
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Figure 12. ebXML Reliable Messaging example. Reproduced from Ferris, 2001

5. ebXML Messaging Service accommodates a variety of security models. Security is
amajor concern for any Internet messaging service. The ebXML Messaging
Service is no exception, however, its design accommodates a variety of security
measures, specificaly: an ebXML message may be digitally signed for
authentication and integrity verification using the methodology contained in the
WB3C/IETF XML Signature Standard; the payload of an ebXML message can be
encrypted using S'MIME or PGP/MIME so that only the recipient can decrypt and
access it; the transport agnostic nature of ebXML allows messages to be sent with
secure protocols such as SSL or IPSEC.

For these reasons. the ebXML Message Service provides one of the most complete XML-
based messaging standards currently available. Though developed in conjunction with
the other portions of the ebXML standard, the Messaging Service does not require
functionality defined in the other specifications and may be used independently.

Registry and Collaboration Protocol Profiles and Agreements

The ebXML Registry provides services to enable electronic sharing of information for the
purpose of facilitating the integration of business processes based on ebXML
specifications. Specifically, the ebXML registry stores business process schemas and
documents, Collaboration Protocol Profilesfor sellers, classification schemas to facilitate
discovery and Collaboration Protocol Agreements for buyers. ebXML Messaging is used
for interaction with an ebXML registry.
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The Registry architecture consists of a Registry Service component, and a Registry Client
component. These Registry Service interface shown in Figure 13 provides the primary
method for communicating with the ebXML registry. ebXML clients, whether a person
or another application, communicate with the Registry viathe same interface. In some
cases, such as when a person uses athin client like a Web browser to access the registry,
an extralayer (i.e., aWeb server) will need to be deployed on the server side as an
intermediary between the thin client and the Registry interface.

Request Response
Industry Domain | | Details Content l
Business Process | Action Status |

Detail Constraints

T~

Access | Classification & Ownership | Interface
Transport Inf ti
Layer Syntax | ebXML conformant XML object | niormation
in XML Model

Collections & Versionin

Other Registry
[__Registry Service Interface | Service Interface(s):
UDDI, CORBA

Registry
Services

Compatibility Wrappers

Associated References

Registration of
Access Index

XML Content Referencing

Remote eb XML
Registry

Figure 13. Registry Architecture. Reproduced from OASIS ebXML Technical Architecture 2001.

The ebXML Registry includes Life Cycle and Query Management interfaces. The Life
Cycle interface accommodates the management of Registry entries, such as Create,
Update, and Delete functionality, whereas the Query Management interface supports the
query and retrieval of stored ebXML documents. Clients may make callsto either
interface assuming they have permissions.

Automating Business-to-Business transactions is a key focus of ebXML. As mentioned
previously the CPP and CPA are at the heart of the ebXML registry system and provide
the key for automated business negotiations. A CPP provides information about the
businesses an organization supports, the service interfaces they provide to support their
business processes, the definitions for the business messages their service interfaces
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exchange, and information about the technical configuration they support (e.g., transport,
security, and encoding information). Published to an ebXML registry, a potential partner,
discovering thisinformation for the first time viaaregistry search can retrieve everything
they need to know in order to writea CPA. A CPA may be derived directly from the
other organizations’ CPP information. Assuming the CPA is created properly, the
agreement may be finalized in an automated fashion, and the new partners may begin
transacting.

OASIS/ebXML efforts are ongoing. As stated earlier, ebXML aimsto bring together
other important e-commerce related standards as they emerge, in order to provide
interoperable and efficient transition pathsto ebXML. For example, the current Registry
Technical Committee is working to create liaisons with other standards efforts, including
OASISUDDI, 1SO 11179, and W3C XML Query Working Group (XQuery). [EBRTO0Z2]
In another effort, collaboration with the RosettaNet effort led to adoption of ebXML
Messaging Services Specification for RosettaNet supply chain management [ CPRNO2].

4.6 UDDI/Web Services

Universal Discovery, Description and Integration (UDDI) is another OA SIS business
registry standards effort. UDDI provides service registry functionality. Acting asan
advanced services directory, UDDI allows organizations to search for and discover other
registered organizations, and retrieve information about how to interact with each other
over theinternet.

Functionally UDDI, when coupled with the Web Services Definition Language (WSDL)
and SOAP, provides afunctional system very similar to ebXML. Considering these
similarities, one may reasonably ask why OASIS isleading two major competing
standards efforts. A bit of history explains the circumstance. ebXML and UDDI were
developed concurrently. ebXML by OASIS and UN/CEFACT, and UDDI by a
community of more than 300 companies. In July of 2002, having achieved their original
charter, the UDDI community and OA SIS announced that OASIS would oversee further
development of the UDDI standard. Version 3 of the UDDI standard followed shortly
thereafter. Though there is significant functional overlap between ebXML and UDDI,
the two represent somewhat different approaches with differing relative strengths.
Efforts are underway within OASIS and the vendor community to harmonize the two
efforts as much as possible. The Cover Pages, hosted by OASIS, are an excellent
resource that provide an extensive and ongoing log of ebXML [CPEBOZ2], UDDI
[CPUDOQ2], and other related efforts.

This section covers UDDI and Web-Services. UDDI uses SOAP as a messaging service,
which isdiscussed in section 4.1. Table 8 provides quick reference information about
UDDI.
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UDDI at a Glance

I nstitution Version Reference Models

OASIS Standards List of implementations:
UDDI v3.0 (July 2002)

http://www.oasis-
open.orguUDDI Website:

http://www.uddi.org/solution
s.html

UDDI supports:

http://www.uddi.org =  White, yellow and
green pages
categorization of
Web Services.

= Uniqueidentification
of registry entries

= Digita signatures

= Public, Private and
Shared registries

= Registry interaction

Table 8. UDDI at a glance

A UDDI registry stores data published by entities to the registry and makes it available to
other organizations when searched. This functionality for storing, searching and
classifying service data within aUDDI registry is often explained using the phonebook
metaphor of White, Y ellow, and Green Pages. UDDI “White Pages” identify
organization specific information such as business name, description, contact
information, and other known identifiers (e.g. abbreviations/aliases). UDDI “Yellow
Pages” identify businesses categorically by standard classifications such as Industry,
Product/Services, and Location. UDDI “Green Pages” document technical information
about services that are exposed.

As shown in Figure 14, UDDI supports a variety of network models. Asweb services do
not exist exclusively in public, the UDDI standard focuses on supporting a variety of
network model implementations including public-Internet, private-intranet, and
shared/semi-private—extranet environ,ments in which aregistry may be deployed.
Initially, UDDI registries were designed for deployment as peersin anetwork. The
Version 3.0 release of the UDDI standard changed this to a hierarchical model analogous
to the model currently used for DNS. Microsoft, IBM, NTT Com, and SAP currently
operate the Universal Business Registry (UBR), the root UDDI registry in the public
domain.
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Shared
Domains

SRR
T e
Private

l Registry

Semi-Private

Figure 14. UDDI Registry Network Model. Reproduced from The Stencil Group, July 2002

The UDDI registry defines two APIs (similar to the two ebXML registry interfaces): a
Publication API, and a Subscription API. Users and systems utilize the Publication API
to publish information to aUDDI registry. All UDDI registries require aunique ID for
registering objects. A new unique ID is generated and assigned to each new object
submitted to the directory. The Subscription API allows the user monitor changesto
services listed in the registry.

Web Services

The Web Services Definition Language (WSDL) standard is still maturing and is
currently aW3C Working Draft in development. Functionally, Web Services play a
similar role to the ebXML CPP and CPA specifications, acting as a glue to bring
applications together. The Web Services standard allows organizations to describe
services they want to make available, publish that information, discover other services
and connect to them.

Dedication to open interoperable standards is another commonality WSDL shares with
ebXML. Toensurethis, WSDL isbased on XML, which allows it to accommodate
various operating systems, programming languages, and applications. The approach
taken for WSDL accommodates the loose coupling necessary for interoperating Web
components.
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A typical Web Service provides a self-descriptive XML-based protocol stack of sorts.
Thisinformation is necessary to enable programmers and systems to derive rules and
create applications capable of interacting with others published on aUDDI registry. This
protocol stack progressively builds across six major elements:

e Types: containers for data type definitions using some type system (such as

XSD).

Message: an abstract, typed definition of the data being communicated.

Operation: an abstract description of an action supported by the service.

Port Type: an abstract set of operations supported by one or more endpoints.

Binding: a concrete protocol and data format specification for a particular port

type.

e Port: asingle endpoint defined as a combination of a binding and a network
address.

e Service: acollection of related endpoints.

A WSDL type definition is implemented as an XML Schema and provides a name and
XML Schematype as shown below in Table 9. Since the implementation of similar types
varies system to system, using X Schema defined types provides a critical foundation for
interoperability.

<I-type defs -->

<t ypes>

<xsd: schema xm ns: xsd=http://ww. w3. or g/ 1999/ XM_Schema/ >
<xsd: el ement nanme="phone” type=”xsd:string”/>
<xsd: el ement nanme="ful | nane” type="xsd:string/>

</ xsd: schema>

</types>

Table 9. WSDL Type Definition

The Message Declaration comes next. In WSDL a message declaration defines message
names and parameters. The parameters are derived from the previously defined types as
shown in Table 10.

<l —nessage declns -->
<nmessage nane="AddCont act | nfo”
<part name="ful | name” type="xsd:string”/>
<part name="phone” type="”xsd:string”/>
</ message>

Table 10. WSDL Message Declaration
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The Operation and Port Type declarations are combined here. Notice how the operation
includes the already defined message, see Table 11.

<l —port type declns -->
<port Type nane="Cont act DB”>
<oper ati on nane="addCont act 7>
<i nput nessage="AddCont act | nfo”/>
</ oper ati on>
</ port Type>

Table 11. WSDL Operation and Port Type Declaration

The Binding declaration binds the Port Type and Operation just declared to a specific
transport. In this case SOAP RPC, see Table 12.

<! —bi ndi ng declns -->
<bi ndi ng nane=”Cont act DBSOAPBi ndi ng” t ype=~Cont act DB”>
<soap: bi ndi ng styl e="rpc”
transport=http://schenmas. xnl soap. or g/ soap/ htt p/ >
<oper ati on nane=”"addCont act ">
<soap: operati on soapAction=""/>
<i nput >
<soap: body use="encoded”
nanespace="ur n: Li st Updat er ”
encodi ngSt yl e=http://schemas. xm soap. or g/ soap/ encodi ng/ >
</input>
<out put >
<soap: body use="encoded”
nanespace="ur n: Li st Updat er ”
encodi ngSt yl e=http://schemas. xm soap. or g/ soap/ encodi ng/ >
</ out put >
</ operation>
</ bi ndi ng>

Table 12. WSDL Binding Declaration

Finally, the Service Declaration defines a port tied to the binding and provides an address
to the specific SOAP service as shown in Table 13.

<! —service decln -->
<servi ce nane="Cont act DBServi ce”>
<port nanme="Cont act DB” bi ndi ng="Cont act DBSOAPBI ndi ng”>
<soap: addr ess
| ocati on="http://1ocal host: 2020/ soap/ servl et/ rpcrouter
</ port>
<servi ce>

Table 13. WSDL Service Declaration
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5.1. Simple Object Access Protocol (SOAP)

Simple Object Access Protocol (SOAP) is alightweight XM L-based protocol for
exchanging structured el ectronic information between peersin adecentralized distributed
environment. Much asHTML facilitated the growth of the Internet by providing a
framework for information layout of information downloaded viaHTTP, SOAP aims to
enable communication among Web services by providing a common method for
structuring and transmitting data. The multi-part SOAP specification [SOMF02]
[SOADOQ?2] is currently aworking draft last call, two levels below an officia
recommendation, at the World Wide Web Consortium (W3C).

Table 14, “SOAP at a glance,” provides information about current SOAP efforts.

SOAP at a Glance

I nstitution Version Reference Models
World Wide Web Version 1.2 Working Open SOAP implementation:
Consortium Draft Apache SOAP

SOAP supports:

= A Simple XML Programming Languages with SOAP
message Support: Java, C/C++, Python, Perl,
structure. Visual Basic, PHP, ColdFusion,

=  Peer-to-Peer  ASP/L.NET and others.

distributed
transactions.  |ndustry Implementations:
= HTTPand RPC — IBM
bindings. — Microsoft
* Fault handling. _ SUN
— WebMethods/Vignette
— Oracle
— SAP
— others
Table 14. Simple Object Access Protocol at a glance.
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The fundamental SOAP paradigm is a statel ess one-way messaging between peersin a
decentralized distributed environment. In atypical interaction, a SOAP sender creates a
message and sends it to a SOAP receiver. Despite this simplistic sender/receiver model,
SOAP includes functionality viathe SOAP header to allow for much more sophisticated
interactions such as request/response, “conversational” exchanges, and multi-node

message paths.

SOAP does not specify semantics for the application-specific datait conveys, but rather
provides a common framework for enabling application-to-application data exchange. In
this respect, SOAP is similar to TCP/IP and other communication protocols, which
provide a standardized way of transmitting data without dictating content specific
formatting. In short, SOAP provides syntax for including content in a message, but not
for the content per se.

SOAP Message Path

As mentioned previously, SOAP messages are fundamentally one-way transmissions
between a SOAP sender and receiver as depicted in Figure 15. To accommodate more
complex messaging scenarios, the SOAP message structure allows for the inclusion of
optional SOAP headers. When included, headers may contain information instructing
specific nodes about how to process the SOAP message and where to send it next. Itis
important to note, that even in message paths consisting of many nodes the interaction
between any two successive nodes still utilizes the simple SOAP send and receive model
discussed previously. The chief differencein such casesisthat intermediate nodes, or
SOAP intermediaries, function as both receivers and senders: first, receiving the message,
and then sending it along to the next node, after reading the pertinent headers and
processing the message as directed.
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SOAP Header

SOAP Body

Figure 15. SOAP Message Structure.

SOAP Message Structure

A SOAP message consists of three parts SOAP Envelope, Header, and Body, see

Figure 15. The SOAP envelope provides a wrapper for the message internals, namely the
header and the body; the optional SOAP header or headers are used for including
message processing information for SOAP processing nodes a ong a message path; the
SOAP body consists of two parts. a payload made up of zero or more element
information items; and a SOAP fault, an element information item which consists of
information generated by a SOAP node.

The optional SOAP Header isincluded as part of a SOAP message to provide flexibility
in anticipation of application specific needs such as aworkflow and/or routing in
scenarios including more than one processing node for asingle SOAP message. A
message may contain no headers, a single header or multiple headers.

The SOAP Body Consists of two parts: SOAP Body parts (payload or content); and the
SOAP Faullt.
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XML provides the necessary structure for the SOAP message. Figure 15 depicts an
XMLL example of a SOAP message for requesting el ectronic content from afictitious
SOAP enabled ADL source.

<soap- env: Envel ope xnml ns: soap-
env="http://schemas. xn soap. or g/ soap/ envel ope/ " >

<soap- env: Header/ >

<soap- env: Body>
<adl : SoapExanpl e
xm ns: adl =" htt p: // ww. exanpl e. conf adl soapexanpl e" >
<adl : NewCont ent Request >
<adl : Content Ti t| e>New ADL Sanpl e Cont ent
</adl:ContentTitle>
<adl : Request Dat e>10/ 31/ 2002
</ adl : Request Dat e>
</ adl : NewCont ent Request >
</ adl : SoapExanmpl e>
</ soap- env: Body>

</ soap- env: Envel ope>

Table 15 Example of a SOAP message requesting content from an enabled ADL source.

Looking at the message we see the same SOAP structure as illustrated in Figure 15. The
SOAP envelope, notated soap-env:Envelope, is the outermost element. Notice that the
entire message is contained within the envelope. The SOAP header

(<soap-env: Header >) comesnext. Inthiscasethe header isempty. The SOAP
Body comesthird. Unlike the empty header in this example, the SOAP body contains the

message.

The SOAP fault mechanism alows for error reporting. If a SOAP receiver or
intermediary cannot process a SOAP message, the node that encountered the error
generates error information, appends it to the SOAP message and returnsit to the sender.

5.2 Repository Data Storage/Searching using XML Databases
and XQuery

Native XML databases have been defined as ones that define alogical model for an XML
document, not the data in the document, and store and retrieve documents according to
that model [BOUROZ2]. They use an XML document as the basic unit of storage just asa
relational database uses arow in atable but are not required to use any particular
underlying storage model. Table 16 shows a comparison of the XML Model with the
relational model [HAROOQ1].
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XML database Relational database

Based on collections of XML documents with | Based on tables containing records

same DTD with same schema

XML document is atree of nodes. Record is an unordered list of named
values.

XQuery returns an unordered sequence of SQL query returns an unordered set of

nodes. records.

Table 16. XML Database Model vs. Relational Database Model. Adapted from Harold, 2001.

Native XML databases fall into two major categories:

e Text-based — where the entire document is stored in text form and some sort of
database functionality is provided to access the document. This approach can
return an exact “image” of the original document (e.g., replicating the amount of
white space or the types of quote marks used).

e Model-based — where a binary model of the document (e.g., Document Object
Model or DOM) is stored in a custom database. While this approach can only
return amodel of the document, it is generally faster when combining text
fragments from multiple documents.

Native XML databases differ from XML-enabled databases in three major areas:

e Native XML databases preserve the physical structure of the original document
aswell as any comments, DTDs, etc.

e Native XML databases can store documents without knowing the XML schema
or DTD.

e XML and related technol ogies such as XPath, the DOM and XML database APIs
provide the only access to the datain a native XML database. ODBC and other
mechanisms that provide direct access to the data are not supported.

There are anumber of direct XM L-based search mechanisms. These include XML
Query/XQuery [BOAG02], XPath v1.0 [CLAR99] and its successor, X Path v2.0
[BERGO02]. These methods are based on amodel that deals with the hierarchy in an
XML document directly. In many implementations, XPath is currently the native XML
guery language of choice. Databases supporting the XPath query mechanism include
4Suite, EXcelon's eXtensible Information Server (X1S), GoXML DB, Ipedo XML
Database 3.0, NeoCore XM S (XML Management System) 2.0, Oracle 8i and 9i, Tamino
XML Server 3.1, and Xindice.

In order to function as a database query language, X Path has been extended to allow
gueries across collections of documents. However, the first release of XPath did not
allow joins or sorting of query results[DY CK02]. The second version of XPath (v2.0) is
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derived from XPath v1.0 and XQuery 1.0 and the new XPath draft shares much of its text
with the working draft of XQuery. Mgor database vendors including IBM, Oracle and
Microsoft are implementing X Query support for their products [SCANOZ].

There are anumber of sources for information on XML databases. One sourceisthe
XML:DB project mailing list located at http://www.xmldb.org/projects.html. The site
has a listserv for ongoing discussions on XML databases. Table 17 lists some of the
commercia and Open Source XML database products that support X Path and X Query

[BOURO02].

Product Type XPath XQuery
4Suite OpenSource v
http://4suite.org/index.xhtml

EXcelon's eXtensible Information Server (X1S) 3.1  Commercia v v
http://www.exIn.com/products/xis/

eXist 0.8.1 OpenSource v v
http://exist.sourceforge.net

GoXML DB Commercia v v
http://www.xmlglobal .com/prod/db/index.jsp

Ipedo XML Database 3.0 Commercia v v
http://www.ipedo.com/html/products xml_dat.html

NeoCore XM S (XML Management System) 2.0 Commercia v v
http://www.neocore.com/products/products.htm

Oracle 8i and 9i Commercia v v
http://www.oracle.com

Tamino XML Server 3.1 Commercia v v
http://www.softwareag.com/tamino/architecture.htm

Xindice OpenSource v
http://xml.apache.org/xindice/

Table 17. Comparison of Representative Native XML Databases

5-6 Technologies for the Design of Learning Object Repositories
021751

Copyright © 2002 Advanced Distributed Learning.
All Rights Reserved


http://www.xmldb.org/projects.html
http://4suite.org/index.xhtml
http://www.exln.com/products/xis/
http://exist.sourceforge.net
http://www.xmlglobal.com/prod/db/index.jsp
http://www.ipedo.com/html/products_xml_dat.html
http://www.neocore.com/products/products.htm
http://www.oracle.com
http://www.softwareag.com/tamino/architecture.htm
http://xml.apache.org/xindice/

Section 6: Gap and Risk Assessment

Section 6: Gap and Risk Assessment

In reviewing the technol ogies and standards for learning object repositories, there are
risks associated with the various standards and implementation approaches that can be
applied. These include the time-to-adoption, industry acceptance, competing standards
and the unique identification of learning objects. Each of these areas can have an impact
on the design, development and deployment of |earning object repository systems and
their availability in the marketplace.

6.1 Projected Risks

6.1.1. Time-to-Adoption

A major risk to the timely adoption of repository systemsis the lack of mature
standards. Examplesinclude:

e The Open Archive Initiative (OAl) is an experimental model.

e The SOAP messaging protocol isaW3C Working Draft Final Call.

e UDDI requiresWSDL, a W3C Working Draft in devel opment.

e ebXML isastandard that references SOAP and SOAP with attachments.

e |MSaso depends on SOAP and SOAP with attachments.

e All of these standards reference XML schemathat is still in draft status.

6.1.2 Industry Acceptance

Vendors are supporting multiple standards, but there is uncertainty in the market asto
which standards will gain acceptance. Many vendors have their own strategy to ensure
that they are not left out. Selecting a viable long-term implementation is still
problematic. For example:

e |IBM supports— UDDI, ebXML, WSDL, SOAP and Web Services
e Microsoft hasretracted BizTak as a standard, but still providesit as a product
e UDDI has been accepted, but there are afew UDDI public registries

e DO has been accepted and is being used by ACM and the Association of
American Publishers among others. However, it has not gained acceptance as a
widespread method of identifying objects.

e Businesses do not want to pay for significant infrastructure unless they know it
will work and be adopted
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6.1.3

Severa universities are implementing systems, however thereis still not awide
spread developer community.

OpenSource software can be adriver for new technology. It can speed adoption
by some businesses, but others may wait for vendor-supported implementations.

Standards

Competing standards can delay acceptance and some standards are in the process of
resolving intellectual property issues. Examplesinclude:

Multiple standards addressing the same problems and competing with each other
can delay user acceptance.

Patents and other Intellectual Property (IP) issues can delay implementations
while licensing and royalty issues are addressed. For example, WebM ethods may
own patents related to SOAP, while the W3C only incorporates royalty-free
technologiesinto its standards. There may be similar issues with IBM and
WSDL.

6.1.4 Unique Identification

A standard method of uniquely identifying learning objects and other assetsisrequired to
implement interoperable repository systems. There are several methods for providing
unique identifiers (e.g., GUID, UUID, DOI, URN, URI). A number of system
implementation issues exist that must be resolved to create an interoperable SCORM
repository. Theseinclude:

Packages are not uniquely identified at the package, Sharable Content Object
(SCO), or asset level.

Any technology or standard that is selected must provide unique identification for
avariety of asset types.

Different standards use different identifiers, which impedes interoperability. For
example, IMS uses DOI while OAI uses URI while ICE and ebXML use UUID, and
So on.

6-2
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AAP American Association of Publishers

ANSI American National Standards Institute

CAREO Campus Alberta Repository of Educational Objects

Data Element A unit of datafor which the definition, identification, representation, and
permissible values are specified by means of a set of attributes.

Data Element A concept that can be represented in the form of a data element, described

Concept independently of any particular representation.

DLORN Distributed L earning Object Repository

DOI Digital Object Identifier

DRM Digital right management

DTD Document Type Definition. Original XML 1.0 solution for defining the
structure and constraints of an XML document. (See also Schema).

federation In afederation, a group of organizations agree that their services will be built
to certain specifications. Organizations that build systemsto these
specifications form afederation. The main challengein forming a federation
isthe effort required by each organization to implement and keep current with
al the agreements.

harvesting The underlying concept for harvesting is that participants make some efforts
to enable some basic shared services, without specifying a complete set of
agreements.

IDF International DOI Foundation

|IEEE Institute for Electrical and Electronic Engineers

IETF Internet Engineer Task Force

IMS Instructional Management System

ingtitutional Digital collectionsthat capture and preserve the intellectual output of

repository university communities

ISO/IEC International Organization for Standardization / International Electrotechnical
Commission

gathering Examples of gathering are the web search engines. Gathering can provide
services that embrace large numbers of repositories. However, the services are
of poorer quality than can be achieved by partners who cooperate more fully
(e.0., federation).

MARC MAchine Readable Cataloging. A format commonly used in library systems
for bibliographic meta-data.

meta-data Datathat defines and describes other data.
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NISO National Information Standards Organization

OASIS The Organization for the Advancement of Structured Information Standards

Registration Any organization authorized to register data elements.

Authority (RA)

responsible The organization or unit within an organization that is responsible for the

organization contents of the mandatory attributes by which the dataelement is specified.

RFC1807 An Internet Engineering Task Force Request For Comments relating to the
creation of acommon format for Bibliographic Records

Schema Second generation XML technology for defining the structure and constraints
for the content of an XML document. Significantly extends the capabilities of
XML 1.0 document type definitions. (Seealso DTD)

SOAP Simple Object Access Protocol. The W3C is currently developing an officia
recommendation (i.e. standard) that defines this ssimple XM L-based protocol.

submitting The organization or unit within an organization that has submitted the data

organization element for addition, change, or cancellation/withdrawal in the data el ement
dictionary.

taxonomy Classification according to presumed natural rel ationships among types and
their subtypes.

uDDI Universal Description, Discovery and Integration

UN/CEFACT United Nations Centre for Trade Facilitation and Electronic Business

URI Uniform Resource Identifier. URI’s are defined in IETF RFC2396.

wW3C World Wide Web Consortium

XML Extensible Markup Language

XSD XML Schema Definition (see Schema)

Z39.50 Interoperability standard for information retrieval in a distributed
environment. The Z39.50 protocol is used extensively for interoperability
purposes in the Library community.
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